Mitogen-activated protein kinase acts as a negative regulator of the heat shock response in NIH3T3 cells.
Exposure of NIH3T3 cells to elevated temperatures induces the phosphorylation and activation of mitogen-activated protein (MAP) kinases [or extracellular signal-regulated kinases (ERKs)]. To investigate the significance of MAP kinase activation by heat shock, we examined the effect of inhibiting the activity of MAP kinase on heat shock protein 70 (hsp 70) expression. Overexpression of a dominant inhibitory mutant of ERK1, but not ERK2, in heat-shocked cells increased hsp70 reporter gene activity, suggesting that ERK1 acts as a repressor of hsp70 gene expression. Increases in ERK1 activity through treatment of cells with sodium vanadate (SV), an inhibitor of the dual-specificity MAP kinase phosphatase 1 (PAC1), resulted in increased phosphorylation of the heat shock transcription factor-1 (HSF-1) in unheated cells, delayed the activation of HSF-1 by heat shock, and inhibited the induction of hsp 70 by heat shock. Furthermore, the induction of thermotolerance was reduced significantly in cells that increased ERK1 activity by SV pretreatment. Immune complex kinase assays of heat shocked or SV-pretreated cells indicated that HSF-1 is a potential in vivo substrate for ERK1 phosphorylation. Taken together, these results suggest that agents that modulate MAP kinase act as negative regulators of the heat shock response in mammalian cells by modulating HSF-1 activity and hsp 70 expression.